Using 420 pb ÿ1 of data collected on the 5S resonance with the CLEO III detector, we reconstruct B mesons in 25 exclusive decay channels to measure or set upper limits on the decay rate of 5S into B meson final states. We measure the inclusive B cross section to be 5S ! B BX 0:177 0:030 0:016 nb and make the first measurements of the production rates of 5S ! B B 0:131 0:025 0:014 nb and 5S ! B B 0:043 0:016 0:006 nb, respectively. We set 90% confidence level limits of 5S ! B B < 0:038 nb, 5S ! B B < 0:055 nb and 5S ! B B < 0:024 nb. We also extract the most precise value of the B s mass to date, MB s 5411:7 1:6 0:6 MeV=c 2 .
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The 5S resonance was discovered by the CLEO [1] and CUSB [2] collaborations. Its production cross section and mass were measured to be about 0. 35 In this Letter, we measure the contributions of various B meson final states to the 5S decay. These measurements may better constrain coupled-channel models in the mass region as well as near the lower resonances [6] . We also exploit exclusively reconstructed B mesons from this analysis and the corresponding B s analysis [5] to extract the most precise measurement of the B s mass to date.
CLEO III is a general purpose solenoidal detector that includes a tracking system for measuring momenta and specific ionization (dE=dx) of charged particles, a ring imaging Cherenkov detector (RICH) to aid in particle identification, a CsI calorimeter for detection of electromagnetic showers, and a muon system for identifying muons [7] .
The analysis presented here uses 420 pb ÿ1 of data collected on the 5S resonance ( s p 10:868 GeV) at the and require 2 comb < 0. Electron candidates are formed from particles that have a ratio of calorimeter energy (E e ) to measured momentum (p e ) in the range 0:5 < E e =p e < 1:25. Muons are identified by either having penetrated at least 3 layers of iron absorber or by having deposited energy in the calorimeter consistent with a minimum ionizing particle (E < 300 MeV). Photons are formed from showers that have deposited at least 30 MeV of energy in the calorimeter and are not associated with a charged track. Pairs of photons that have an invariant mass within 2 standard deviations ( 6 MeV=c 2 ) of the known 0 mass (M 0 ) [9] are defined as 0 candidates and are kinematically constrained to give M 0 .
Candidate J= 's are formed from ÿ or e e ÿ pairs. For muon pairs, we require 3:05 < M ÿ < 3:14 GeV=c 2 . For e e ÿ combinations with 1:50 < M e e ÿ < 3:14 GeV=c 2 , bremsstrahlung photons are searched for among the showers with no matching charged track and within a 5 cone about each electron's initial direction. For each ÿ and e e ÿ candidate, we perform a mass-constrained fit to the J= mass [9] and make a loose requirement that the fit 2 per degree of freedom is less than 100. Candidate (K Table I . For B ! D and B ! D [10] , we take advantage of the helicity angle ( h ) [11] distribution in these decays and require j cos h j > 0:3. To improve the signal-to-background ratio, we also reject low momentum (backward-emitted) 0 's from the decays by requiring cos h > ÿ0:7. Table I also shows the product branching fractions, B i , including the branching ratios of the daughter modes [9] , and the reconstruction efficiencies, i determined from Monte Carlo simulations [12 -14] of these decays followed by a GEANT [15] based detector simulation. We validate our simulation and analysis procedure by measuring branching fractions for these decay modes using data collected on the 4S resonance. Good agreement with the world averages are found for all modes.
We first determine the total B meson yield by fitting the invariant mass distribution formed from candidates in the M bc , E region of 5:272 < M bc < 5:448 GeV=c 2 , ÿ0:2 < E < 0:45 GeV. The relatively wide E region is used to avoid biasing the background shape. The invariant mass distribution, shown in Fig. 1 , is fit to the sum of a secondorder polynomial background and a Gaussian signal shape whose width is fixed to 12:3 MeV=c 2 , the expected average resolution of these candidates. We find a yield of 53:2 9:0 events; fitting to the J= and D distributions individually results in 11:2 3:5 and 42:3 8:4 D events, respectively. Using P B i i 7:2 10 ÿ4 (see Table I ), we measure a cross section 5S ! B BX 0:177 0:030 nb. Figure 2 shows the reconstructed events in the M bc ÿ E plane for 5S data. Signal and sideband regions are defined using MC simulations of these final states. 
3:44 0:48 2:7 0:2 0.8 Events in the signal region of Fig. 2 are projected onto the M bc axis (see Fig. 3 ) and fit to the sum of a flat background and three Gaussian signals, one each for the M bc peaks produced by B B, B B , and B B events. The signal resolutions are set to 4:0, 6.2, and 7:0 MeV=c 2 , respectively, as determined from Monte Carlo (MC) simulation, and the background is fixed to 0:7 events=4 MeV, as determined from the average of the upper and lower sidebands. In the fit we use the precisely known mass difference M B ÿ M B [9] and constrain its value to 47:5 MeV=c 2 [16] . The middle peak, which corresponds to 5S ! B B , is not constrained in the fit and is found to be within 1 of the expected value.
The fitted yields are 3:7 Table I for the 5S data. The histogram displays the data, the curve shows the fit described in the text and the flat line shows the background as determined from a fit to the sidebands as discussed in the text. Table I in the 5S data. The points are the data and the curve is the fit described in the text.
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For the B B final state, we select events in the region 5:429 < M bc < E beam GeV=c 2 and ÿ0:2 < E < 0:45 GeV and find three events consistent with M B . This additional requirement on M bc and E has an efficiency of 95 2%. While the combinatorial background is small ( 0:3 events), the crossfeed from B B into the B B signal region is 12 6%. If we conservatively assume a B B yield equal to its 90% upper limit value and that the 3B B candidates are also B B , we would expect 1.0 -2.9 B B events to lie within the B B mass region. Based on this range of expected background and 3 observed events, we take the most conservative upper limit on 5S ! B B, which corresponds to 6.4 [17] events at 90% C.L. For illustration, we superimpose on Fig. 3, 6: 7B B (lightly shaded, with a ratio of 1:1:1 for B B :B B :B B) and 3B B (darker shading) events. Yields, efficiencies, cross sections, and relative production fractions are summarized in Table II . We also show the cross sections as determined from the J= and D modes separately. We find that B B is indeed dominant, comprising 74 15% of the B BX rate. Several sources of systematic uncertainty on the cross sections' measurements are considered. Potential errors from the background normalization and shape are evaluated by using different background parametrizations and varying the normalization within its uncertainty. The corresponding uncertainties in the cross sections vary from 3.1% for 5S ! B BX to 16.7% for B B. Uncertainties in the reconstruction efficiencies include contributions from charged particle tracking and identification, K 0 s and 0 reconstruction, and finite MC statistics. Averaged over all modes, we find an uncertainty of 6.5%. The analysis procedure was also checked by comparing B-meson branching fractions in our signal modes measured using data collected on the 4S resonance with PDG values [9] . We find a relative difference of 1 3%
, averaged over all modes, indicating that the efficiencies are well understood. Errors due to the fixed signal shape parameters are determined by varying them within their uncertainties and refitting (3%-4%). The occurrence of multiple candidates in data (in a single event) are found to agree with simulation to within 3%. Uncertainties on input branching fractions and measured integrated luminosity contribute 3% and 2%, respectively. These systematic uncertainties are added in quadrature and the resulting values are included in the cross sections shown in Table II .
We proceed to use the M bc distribution from this analysis in combination with the one for B s in Ref. [5] to obtain an improved measurement of the B s mass. Since those results used exactly the same data set as in this analysis, the largest systematic error, the beam energy calibration of 4:6 2:9 MeV [5] , cancels out in the (uncorrected) M bc difference, M bc B s ÿ M bc B
. The rightmost peak in Fig. 3  corresponds to 5S ! [5] and is significantly more precise than an earlier indirect measurement of 47:0 2:6 MeV=c 2 [20] . It is also consistent with the corresponding splitting in the B d system of 45:78 0:35 MeV=c 2 [9] as expected from heavy-quark symmetry [21] .
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